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© Liquid crystal display device. 



© A dot matrix type liquid crystal display device 
having two groups of mutually crossing parallel elec- 
trodes sandwiching a liquid crystal layer, the elec- 
trodes of one group having an aperture at each 
electrode crossing area along the direction of and 
centrally at the electrode of the other group. The 
electric field at the aperture portion is constantly 
slanted to a predetermined direction to present uni- 
form and wide stable display areas. 
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BACKGROUND OF THE INVENTION 

a) Field of the Invention 

This invention relates to a liquid crystal display 
device, and more particularly to a dot matrix type 
liquid crystal display device adapted for displaying 
arbitrary shape on a display surface. 

Although description will mainly be made, tak- 
ing color super homeotropic (CSH) liquid crystal 
display (LCD) as an example, the invention is not 
limited to CSH LCD. For example, it can also be 
applied to a homogeneous LCD. 

b) Description of the Related Art 

In a CSH LCD, homeotropically or substantially 
homeotropically oriented nematic liquid crystal 
molecules are electrically controlled their birefrin- 
gence to achieve a desired display. 

A CSH LCD without pre-tilt according to the 
prior art will be described, referring to Figs. 2A to 
2D. 

As shown In Fig. 2A, a liquid crystal molecule 

10 has an elongated shape, and has a higher 
optical constant (refractive index) along the long 
axis. Further, the liquid crystal molecule has an 
electric bipole along a direction orthogonal to the 
long axis. In the "off" state where an electric field 
above a certain value is not applied between the 
electrodes, the liquid crystal molecules take a 
homeotropic orientation where the long axis is nor- 
mal to the surface of the substrate, as shown in the 
left part of the figure. When an electric field E is 
applied normal to the substrate, there occurs a 
force in a direction which drives the electric dipole 
of the liquid crystal molecules to follow the direc- 
tion of the electric field and the liquid crystal mol- 
ecule 10 is tilted as shown in the right part of the 
figure. This angle of tilt is called tilt angle, and is of 
the order of 10 degrees, for example. 

Fig. 2B shows an electric field distribution In 
the electrode crossing portion in the liquid crystal 
display device. A pair of glass substrates 11 and 
12 are disposed parallel to face each other. On the 
inner surfaces of the substrate, segment electrodes 
1a and 1b and common electrode 2 are formed in 
a crossing relation. The common electrode 2 de- 
fines the row of the dot matrix and the segment 
electrodes 1a and 1b define the column of the dot 
matrix. On the outer surfaces of the glass substrate 

11 and 12, crossed polarizers 13 and 14 are dis- 
posed. When a voltage is applied between the 
segment electrodes 1a and 1b and the common 
electrode 2, an electric field is established between 
the electrodes. At the edge of the electrode, fringe 

ffect due to the edge is produced. Namely, the 
electric force line starting form the edge of the 



segment electrode la or 1b, for example, is bulged 
towards the common electrode 2 as shown by the 
broken line In the figure to have a lateral or hori- 
zontal component as w II as the vertical compo- 
5 nent. The liquid crystal molecule changes its tilt 
according to the electric field distribution. 

Such distribution of the liquid crystal molecules 
is shown in Fig. 2C in more detail. 

Fig. 2C shows schematically how the liquid 

70 crystal molecules are distributed in the electrode 
crossing area 5. The electrode crossing area 5 is 
defined between the vertical facing edges 6a and 
6b and between the horizontal facing edges 7a and 
7b. Since the common electrode 2 extends long in 

75 the horizontal direction, the electric force line at the 
facing edges 6a and 6b, starting from the edges of 
the segment electrodes 1a and 1b are diverged 
outwardly as shown by the arrow. Since the seg- 
ment electrodes 1a and 1b extend long the vertical 

20 direction, the electric force line at the horizontal 
facing edges 7a and 7b of the electrode crossing 
area 5. starting from the segment electrode are 
distributed to be oriented from the outside to the 
inside. Here, the polarization axes P1 and P2 of tho 

25 crossed polarizers are disposed at angles 

45 degrees slanted from both the row and the 
column as shown in the right part of the figure. The 
liquid crystal molecule has a function of rotating 
the polarized light when tilled from the normal 

30 direction, but those liquid crystal molecules which 
slanted in the direction of the polarization axes P1 
and P2 have no such function. Therefore, tho light 
is cut off by the crossed polarizers. 

Therefore, as shown in Fig. 2D, there appear 

35 crossing black lines in each sell. Namely, as shown 
in Fig. 2D, the electrode crossing area 5 is divided 
into four regions D1, D2, D3 and D4. At the cross- 
ing point X of these four regions, the liquid crystal 
molecules are kept normal to the substrates 1 1 and 

40 12 as shown in Fig. 2B. On the black lines 8, the 
liquid crystal molecules are tilted in the direction of 
the polarization axis P1 or P2. In the four regions 
D1, D2, D3 and D4. the liquid crystal molecules are 
tilted substantially leftward, rightward, upward and 

45 downward, respectively, as shown in Fig. 2D. 

In the liquid crystal display device as de- 
scribed above, the shapes and the areas of the four 
regions D1 , D2, D3 and D4 divided by the crossing 
black lines vary according to the balance of the 

so various condition, are not constant and differ from 
cell to cell. 

In order to solve the varying and crossing black 
lines in the display, a preliminary pre-tilt angle in a 
certain direction may be given to the liquid crystal 
55 molecules. For example, referring to Fig. 2D, when 
a pre-tilt angle of not more than one degree in a 
direction corresponding to the r gion D3 is given to 
the liquid crystal molecules in the whole electrode 
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crossing area, almost all the liquid crystal mol- 
ecules will be tilted in the same direction when an 
electric field is applied. Then, the most part of the 
electrode crossing area 5 will be occupied by the 
region D3. Namely, other three regions D1, D2 and 
D4 become extremely small areas in the display 
and the quality of display is greatly improved. 
When such a pre-tilt is given to control the orienta- 
tion direction of the liquid crystal molecules, an- 
other problem arises. 

Namely, when the most part of the electrode 
crossing area 5 is occupied by the region D3, and 
when the liquid crystal display device is observed 
from a direction coinciding the long axes direction 
of the liquid crystal molecules in the region D3, the 
liquid crystal molecules lose the optical rotatary 
power. Then, the whole surface of the display ap- 
pears black. This black hole like observation angle 
appears, for example, at a position about 10 de- 
grees from the normal direction to the surface of 
the liquid crystal display device. The fact that this 
black hole phenomenon appears very near the 
normal direction to the surfaces causes a large 
problem as the performance of the display device. 

According to tho prior art as described above, 
the shapes and the positions of the crossing black 
lines in the display area vary uncertainly to cause a 
problem in the display performance, or there arises 
a direction near the normal to the display surface in 
which the display quality is extremely low. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a liquid 
crystal display device capable of performing dis- 
play of substantially uniform and good quality in 
the most part of the electrode crossing area. 

According to an embodiment of this invention, 
there is provided a dot matrix type liquid crystal 
display device comprising, a pair of parallel sub- 
strates disposed to face each other, two groups of 
electrodes disposed on said pair of substrates, 
respectively, and crossing each other when projec- 
ted normal to one of said substrates, each elec- 
trode being elongated and having substantially par- 
allel side edges, at least one elongated aperture 
formed in one electrode of one of said two groups 
of electrodes at a portion crossing another elec- 
trode of the other group of electrodes along the 
side edges of said another electrode. 

By providing an elongated aperture in at least 
one electrode of one of the two groups of elec- 
trodes crossing mutually, along the side edges of 
the crossing electrode, the lateral component of the 
electric field due to the edge of the electrod 
crossing area can be positively utilized. 

In the display device which does not utilize the 
pre-tilt angles, the shape and the areas of the 



display regions are uncertain. By providing an ap- 
erture, the electrode crossing area can be divided 
almost into two major regions. In each major re- 
gion, the electric field is tilted in a constant direc- 
5 tion to enable uniform display. 

The present invention will be described along 
the preferred embodiment in conjunction with the 
accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A, 1B and 1C show basic embodiments 
of this invention. Fig. 1A is a plan view of the first 
structure. Fig. 1B is a plan view of the second 

is structure. Fig. 1C is a cross section for showing the 
electric field distribution in the cell schematically 

Figs. 2A, 2B, 2C and 2D show the prior art. 
Fig. 2A is a schematic cross section showing the 
liquid crystal molecule. Fig. 2B is a schematic 

20 cross section for showing the orientation of the 
liquid crystal molecules in the electrode crossing 
area. Fig. 2C is a schematic plan view for illustrat- 
ing the orientation of the liquid crystal molecules in 
the "on" states. Fig. 2D is a plan view showing an 

25 example of display appearance of the devico of 
Fig. 2C. 

Figs. 3A, 3B, 3C. 3D and 3E show a liquid 
crystal display device according to more concrete 
embodiment of this invention. Fig. 3A is a perspec- 

30 live view of the structure. Fig. 3B is a plan view 
showing the arrangement of the electrode crossing 
area. Fig. 3C is schematic cross section illustrating 
the electric field distribution. Fig. 3D is schematic 
plan view for illustrating the orientation of the liquid 

35 crystal molecules. Fig. 3E is a plan view for illus- 
trating an example of the display appearance. 

In the figures, reference numerals denote the 
followings: 1 electrodes of one group, 2 electrodes 
of the other group. 3 aperture, 5 electrode crossing 

40 area, 10 liquid crystal molecule, 11 and 12 glass 
substrates, 13 and 14 crossed polarizers, 16 com- 
mon electrode, 17 segment electrode and 18 ap- 
erture. 

45 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Firstly, the basic embodiments of this invention 
are shown in Figs. 1A to 1C. In a dot matrix type 

so liquid crystal display device, two groups of parallel 
stripe electrode are formed on a pair of facing 
transparent substrates respectively, to cross each 
other. In Figs. 1A to 1C, one electrode crossing 
area 5 is shown. 

55 Fig. 1A shows a first embodiment, of the elec- 

trode. In the figure, an electrode 1 of one group 
disposed horizontally and another electrode 2 of 
another group disposed vertically are disposed to 
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cross orthogonally each oth r. Although each one 
etectrod is shown in the flgur , there are provid d 
a multiplicity of electrodes in each group in a 
practical dot matrix type liquid crystal display de- 
vice. In the electrodes 1 of one group among the 
crossing two groups of electrodes, apertures 3 are 
formed substantially parallel to the edges (the 
edges extending vertically in the figure) of the 
electrodes 2 of the other group. Namely, an ap- 
erture 3 is formed in each electrode crossing area 
5 to divide the electrode crossing area 5 largely 
into two regions. 

Fig. 1B shows a second embodiment of the 
electrodes. In this structure, instead of providing 
apertures in the electrode 1 of the one group, 
apertures 3 are formed in the electrodes 2 of tho 
other group, which are disposed substantially par- 
allel to the edges of the electrodes of the one 
group. The electrode crossing area is divided by 
the aperture 3 into the upper and lower regions. 

By forming the apertures 3 in the electrode 
crossing area 5, the electric field distribution in the 
electrode crossing area becomes as shown Fig. 
1C. Fig. 1C shows the case of Fig. 1A, but when 
the configuration is turned upside down as in- 
dicated by the reference numerals in the parenthe- 
ses, it shows the case of Fig. 1B. 

In Rg. 1C, an electrode 2 of the other group 
disposed in the lower part extends perpendicular to 
the plane of sheet, and another electrode 1 of the 
one group disposed on the upper side extend 
horizontally. In the electrode 1 of one group, an 
aperture 3 is formed. The electric force line starting 
from the central portion of the electrode 2 of the 
other group toward the electrode 1 of one group is 
directed to the edge of the aperture 3, while being 
diverged. At the edges of the electrode 2 of the 
other group, the electric force lines are slanted 
outwards due to the existence of the electrode 1 of 
the one group extending horizontally. Therefore, in 
the right part of the electrode crossing area, the 
electric force lines are slanted rightward from the 
normal direction, and in the left part, the electric 
force lines are slanted leftward. Namely, the elec- 
trode crossing area 5 is divided into substantially 
uniform two regions by the aperture. The division is 
almost uniquely determined by the position of the 
aperture. Thus, uniform display can be obtained 
throughout the liquid crystal display device. Fur- 
ther, when the liquid crystal display device is ob- 
served while being slanted in the state where arv 
electric field is applied, even when half of the 
electrode crossing area appears black when the 
liquid crystal display device is observed from the 
direction of the arrow shown in the right part of the 
figure, the remaining half of the display surface 
keeps the normal display. Thus, the phenomenon 
that the liquid crystal display surface becomes 



totally black as appears in the conventional liquid 
crystal display d vice utilizing th pre-tilt can b 
prevented. 

Figs. 3A to 3E show a liquid crystal display 
s device according to a more concrete embodiment 
of this invention. 

Fig. 3A is a perspective view of a partial struc- 
ture of the CSH liquid crystal display device. A pair 
of glass substrate 11 and 12 are disposed to face 

io each other and to define a space for containing the 
liquid crystal. On the lower glass substrate 1 1 , a 
plurality of common electrode 16 are disposed in 
parallel. In the common electrode 16, elongated 
apertures 1 8 are formed substantially perpendicular 

/5 to the direction in which the common electrode 
extends. On the surface of the upper glass sub- 
strate 12, a plurality of thinner segment electrodes 
17 are disposed in parallel and perpendicular to the 
direction of the common electrode 12. On the out- 

zo side of the pair glass substrates 11 and 12, 
crossed polarizers 13 and 14 are disposed. 

Fig. 3B shows an example of the configuration 
of the electrode crossing area. In the common 
electrode 16, elongated apertures 18 are formed 

25 along the direction perpendicular to the longitudinal 
direction of the common electrode 16 and cor- 
responding to each central portion of the segment 
electrode 17. The position where the segment elec- 
trode 17 are to be disposed are shown in broken 

ao linos. For example, the segment electrode 17 has a 
width of about 100 ^m while the common electrode 
16 has a width of about 300 /im. The cell gap 
between the two electrodes is, for example, about 
5 /*m. The aperture 18 has, for example, a width of 

35 about 10 /*m and the length of about 240 ^m. The 
aperture 18 is disposed centrally to the segment 
electrode 17. Therefor, the segment electrode 17 
has a width of about 45 fim and either side of the 
aperture 18. Also, there remains a width of about 

40 30 fim between each longitudinal edge of the ap- 
erture 18 and the edgo of the common oloctrode 
16. 

The common electrode 16 is formed, for exam- 
ple, of indium tin oxide (ITO) and has a sheet 

45 resistance of about 10 Q/a .The width of the ap- 
erture 18 is preferably determined relative to the 
thickness of the liquid crystal layer. For example, 
when the liquid crystal layer has a thickness of 
about 5 /im, the aperture 18 is designed to have a 

so width of not less than about 10 /im. Then, the 
electric field can be effectively tilted in the aperture 
18. 

Rg. 3C schematically shows the electric field 
distribution in the electrode crossing area. The 
55 segment electrode 17 extend perpendicular to the 
plan of sheet, and the common electrode 16 ex- 
tend horizontally in the she t. Due to the xistence 
of the apertur 1 8, the electric force line emanating 
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from the central portion of the s gment electrode 
17 can not exist vertically in the figure, and hence 
is directed to the edge of the aperture 18. In the 
case when the liquid crystal layer has a thickness 
of about 5 fim and the aperture 18 has a width of 
about 10 jim, the electric force line going to the 
edge of the aperture 18 will be slanted about 45 
degrees relative to the normal of the surface of the 
electrode. The direction of this slant is of the same 
direction to the fringe electric field at the edge 
portion of the segment electrode 17. Thus, forming 
a boundary at the aperture 18, the right side part 
has an electric field which are uniformly slanted in 
one direction, and the left side part has an electric 
field which is uniformly slanted in the opposite 
direction. 

Fig. 3D shows how the liquid crystal molecules 
are oriented by the electric field thus formed. In the 
figure, the lateral component of the electric field is 
represented by arrows. A case where the electric 
field is formed from the common electrode 16 to 
the segment electrode 17 is shown. On the right- 
hand side of the aperture 18, the electric field 
enanating from the common electrode 16 and ter- 
minating to the segment electrode 17 has a lateral 
component which are directed form the right side 
to the left side in the figure. In the left hand side of 
the aperture 18, the electric field emanating from 
the common electrode 16 to the segment electrode 
17 has a lateral component directed from the left 
side to the right side. Due to these lateral electric 
fiold componont, tho liquid crystal moloculos are 
slanted in the opposite direction on the right hand 
side and on the left hand side of the aperture. 
Here, between the edges of the aperture 18 and 
the edges of the common electrode 16, there are 
produced other regions where the liquid crystal 
molecules are oriented in other directions. 

The electrode crossing area where tho liquid 
crystal molecules are oriented in this way appears, 
for example, as shown Fig. 3E. Namely, on the left 
hand side of the aperture 1 8, a uniform wide region 
D1 formed, and on the right hand side of the 
aperture a similarly uniform and wide region 02 is 
formed. On the upper side and the lower side of 
the aperture 18, narrow regions D3 and D4 are 
formed. Further, in the upper area, yet smaller 
region D4' is formed between the aperture 18 and 
the region D3. Also, in the lower side of the ap- 
erture 18 similarly yet smaller region D3* is formed 
between the region D4 and aperture 18. These 
small regions D3 and D4 and yet smaller region 
D3' and D4' only occupy very small area in the 
display area. Therefor, even when the shapes and 
the positions of these regions may vary to some 
extent, the influenc thereof to the display quality 
is low. 

It is preferable, as described above, to have 



the width of the aperture at least twic th thick- 
ness of the liquid crystal layer and hence to slant 
the direction of the lectric field at the aperture at 
least about 45 degr es from the normal to the 
5 surface. Here, by forming the aperture in the com- 
mon electrode, the resistance of the common elec- 
trode thereat increases to some extent. For de- 
pressing the increase of the resistance not to give 
substantial obstacle, the width of the aperture and 
w the width of the common electrode remaining at 
the both sides of the aperture are selected appro- 
priately, for example, so that the sum of the widths 
of the region of the common electrode remaining 
on the both sides of the aperture is preferably set 
75 at least five times the width of the aperture. 

When the aperture is disposed centrally to the 
segment electrode, the liquid crystal display device 
show a symmetric performance with respect to the 
observation angle. In at least half of the electrode 
20 crossing area, display can be rigidly done. Thus, it 
is prevented to cause a black hole like observation 
angle where the brightness and the contrast are 
very low, In the neighborhood of the normal to the 
surface of the liquid crystal display device. 
25 The regions D3 and D4 having different ori- 

entation directions, formed at the both edges of the 
aperture can be suppressed in area to be each 
about 5 % or less of the total display area of the 
electrode crossing area. 
30 In this way, uniform CSH liquid crystal display 

device without a black hole where the brightness 
and (ho contrast decreases extromoly, can bo pro- 
duced. 

As is described above, according to the em- 
35 bodiments of this invention, electric field distribu- 
tion between the electrodes can be made stable 
and uniform by providing the aperture in one elec- 
trode in the electrode crossing area to improve the 
quality of display. 
40 Although the description has been made on 

preferred embodiments of this invention, the 
present invention is not limited thereto. For exam- 
ple, it will be apparent to those skilled in the art 
that various substitutions, alterations, replacements, 
45 improvements or combinations are possible within 
the scope of the claims. 

Claims 

so 1. A dot matrix type liquid crystal display device 
comprising: 

a pair of parallel substrates disposed to 
face each other; 

two groups of electrodes disposed on said 
55 pair of substrates, respectively, and crossing 

each other wh n project d normal to one of 
said substrat s, each electrode being Ion- 
gated and having substantially parallel side 
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edges; 

at least one elongated aperture formed in 
one lectrode of one of said two groups of 
lectrod s at a portion crossing another elec- 
trode of the other group of electrodes along s 
the side edges of said another electrode. 

2. A dot matrix type liquid crystal display device 
according to claim 1, wherein said one elec- 
trode of one of said two groups of electrodes io 
has a larger width than said another electrode 

of the other group of electrodes. 

3. A dot matrix type liquid crystal display device 
according to claim 1 f wherein said elongated 15 
aperture is disposed at a portion in a width of 

said another electrode of the other group of 
electrodes, when projected normal to one of 
said substrates. 

20 

4. A dot matrix type liquid crystal display device 
according to claim 3, wherein said elongated 
aperture is disposed at a central portion in a 
width of said another electrode of the other 
group of electrodes, when projected normal to 25 
one of said substrates. 

5. A dot matrix type liquid crystal display device 
according to claim 3, wherein said two groups 

of electrodes has a gap therebetween at the oo 
crossing portion and said elongated aperture 
has a first width in a lateral direction thereof 
which is at least about twice the gap between 
the electrodes. 

35 

6. A dot matrix type liquid crystal display device 
according to claim 4, wherein said elongated 
aperture has a first width in a lateral direction 
thereof and define said portions in said one 
electrode adjacent to the elongated aperture, 40 
and the side portion has a second width in a 
longitudinal direction of the elongated aperture, 
which is at least about fifth times of the first 
width. 
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FIG. 2A 
PRIOR ART 



FIG. 2B 
PRIOR ART 
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FIG. 3D FIG. 3E 
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